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1. Title of the Invention 

Semiconductor Device 

2. Scope of Claim 

1. A semiconductor device comprising a substrate or a 
substrate having thereon an electrically conductive layer as an 
electrode, provided thereon a first non-single-crystalline semi- 
conductor layer containing a P-type silicon, germanium, silicon 
nitride, or silicon carbide as the principal component doped with 
gallium or indium, and a second non-single-crystalline semiconduc- 
tor layer containing the impurity at a lower concentration than 
the first semiconductor layer, 

provided that the first and the second semiconductor 
layers are provided by forming a PI, a PN-, or a PP- junction. 

2. A semiconductor device as claimed in Claim 1, wherein 
the semiconductor device for use in photoelectric conversion 
comprises from the light-irradiated side, at least one of the 
junctions of PIN, PN-N, PIN-N or NIP, NP-P, and NIP-P. 
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3. Detailed De^Rption of the Invention 

The present invention relates to a semiconductor device 
using a non-single-crystalline semiconductor, and particularly, to 
a photoelectric conversion device which generates 
photoelectromotive force through the formation of electron and 
hole pairs by the irradiation of light, said device comprising a 
substrate or a substrate having thereon an electrically conductive 
layer as an electrode, provided thereon a first non-single-crys- 
talline semiconductor layer containing a P-type silicon, germani- 
um, silicon nitride, or silicon carbide as the principal component 
doped with gallium or indium. An object of the present invention 
is to prevent a P-type impurity to be auto-doped to a second non- 
single-crystalline semiconductor layer that is formed on the first 

semiconductor layer. 

In the process of plasma-enhanced chemical vapor deposi- 
tion, diborane alone was used conventionally as an impurity for a 
P-type semiconductor. However, it has been found that boron is 
inevitably doped into the second non-single-crystalline semicon- 
ductor layer to be formed on the first semiconductor, thereby 
forming an artificially uncontrollable P- type semiconductor layer 
containing the impurity at a concentration of 1 x 10" cm-3 or 
higher in the second semiconductor layer. 

To overcome the problem above, the present invention is 
characterized in that it comprises using gallium or indium as the 
acceptor impurity to be added into the P-type semiconductor layer. 
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In a^lior art process for fabri^^ing a photoelectric 
conversion device by means of plasma- enhanced and thereby con- 
structing a PIN junction or a modified structure thereof compris- 
ing non-single-crystalline semiconductor, particularly an amor- 
phous or semi-amorphous semiconductor, the P-type semiconductor 
layer was formed by using diborane mixed in si lane at a concentra- 
tion of from 0.2 to 1%. 

Furthermore, in forming an impurity- free so-called I- 
type semiconductor layer on the upper side of the P-type semicon- 
ductor layer mentioned above, boron was found to intrude (auto- 
doped) into the I-type semiconductor layer at a concentration of 1 
x 10" cm-3 or more by the dissipation of boron from the previously 
formed P-type semiconductor layer or the inner wall of the reac- 
tion chamber, thereby making it impossible to obtain the so-called 
I-type or N- type semiconductor layer. Moreover, the control- 
lability of the auto-doped P- type layer was found to be extremely 
low; the concentration of doping, the ratio of the doped impurity 
which is present in the acceptor, i.e., the so-called ionization 
ratio, were both found to be 1% or lower, and the rest of the 
impurities were found to simply form recombination centers. 

The present invention overcomes the aforementioned 
problems by using gallium or indium as the impurity for acceptors 
in the P-type semiconductor layer to prevent auto-doping from 
occurring, and particularly utilizing a semiconductor containing 
silicon carbide (Si Jt C 1 . x (0 < x < 1)), silicon and germanium 
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(Ge x Si!- x (0 < x^T 1)), or silicon nitride (Si 3 N 4 . n (0 < n < 1) ) as 
the principal component added therein hydrogen or a halogen ele- 
ment as a neutralizer of recombination centers. 

Thus, as the reactive gases for use in the process, 
exemplified are gaseous silicides, such as silane, dichlorosilane, 
silicon fluoride, etc.; gaseous germanides such as germane; or 
gaseous carbides such as methane and acetylene; but particularly, 
representatively used are hydrides comprising silane, germane, and 
methane. In the present invention, a gaseous carbide of gallium or 
indium is used therein, and particularly, the alkyl compounds 
below are used as the reactive gas. 

Chemical 

Compound formula m T pt . b,pt • 

Trimethylgallium (CH 3 ) 3 Ga -15.8°C 55.8°C 

Triethylgallium (C 2 H 5 ) 3 Ga -82.3°C 143°C 

Trimethylindium (CH 3 ) 3 In -89.5°C 136°C 

Triethylindium (C 2 H 5 ) 3 In -32°C 184°C 

In particular, triethylgallium or an indium compound is cooled 
with ice, and the outlet side is pressure-reduced to a range of 
from 0.05 to 1 torr. By utilizing the vapor pressure of those 
compounds at a low temperature, they are added to the silane based 
reactive gas at a concentration in a range of from 0.01 to 2%. 

In case of triethylgallium, a hydrogen-diluted gas 
cylinder is used to utilize the partial pressure under a high 
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pressure, i.e., about 500 ppm under a pressure of 20 kg /cm* and 50 
ppm under a- pressure of 100 kg/cm2. m this manner, the addition 
of the impurity elements is controlled so that they may be added 
into the reactive gas for semiconductors such as silane at a 
concentration of 2% or lower, particularly, in a range of from 0.1 
ppm to 2%. 

Furthermore, silicon, germanium, etc., is deposited by 
means of plasma enhanced chemical vapor deposition according to a 
process described in, for example, patent applications filed by 
the present inventor: "Semiconductor Device" (Japanese Patent 
Application Sho 53-152883, filed on December 10, 1978), and the 
division thereof "Method for Fabricating Semiconductor Device" 

(Japanese Patent Application Sho 56-55607. filed on April 15, 

1981) . 

In the photoelectric conversion device according to the 
present invention, the P-type semiconductor layer, particularly 
that on the light -incident side, is provided with a wider energy 
band as compared with the active semiconductor layer, and the 
absorption loss of the incident light in the semiconductor layer 
is minimized. 

A constitution providing a continuous junction having a 
hetero-junction for the energy band structure and a window struc- 
ture with respect to the P-type semiconductor layer is disclosed 
in -Semiconductor Device" (U.S. Patent No. 4,239,554, issued on 
December 6, 1980 and U.S. Patent No. 4,254,429 issued on March 3. 
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1981) filed by^l present inventor. These r^sntions are obtained 
by further improving the previous applications filed by the pres- 
ent inventor. 

The present invention comprises adding hydrogen or a 
halogen element such as fluorine or chlorine at a concentration of 
from 0.1 to 20% by molar into the semiconductor layer above to 
provide neutralizers for recombination centers. In this manner, an 
effect of neutralizing the dangling bonds is imparted to the 
semiconductor layer, and at the same time, a layered structure 
comprising layers of a semi -amorphous semiconductor (referred to 
hereinafter as "SAS") having a short-range crystallinity with a 
range of from 5 to 2,000 A, representatively, from 5 to 100 A, and 
layers of an amorphous semiconductor (referred to hereinafter as 
-AS") having no such crystallinity even in a short-range order. In 
this manner, PI, PN-, and PP- junctions having a gallium- or indium- 
added P layer can be obtained free from auto-doping. More specifi- 
cally, it is found possible to lower the concentration of impuri- 
ties in the I, N-, and P- type semiconductor layers to a level of 1 
x 10" cm-3 or lower, and particularly, to a level in a range of 
from 3 x 10" to 1 x 10" cm-3. m particular, by separately forming 
the P layer and the semiconductor layer to be formed thereon in 
independent reaction chambers and thereby preventing the impuri- 
ties from being dissipated from the walls of the reaction chamber, 
the background level of the doped impurities in the I-conductive 
semiconductor layer is found to be reduced to 1/100 of that of a 
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conventional case using diborane or even lower; more specifically, 
to a concentration in a range of from 5 x 10" to 5 x 10» cm-3 , in 
contrast to the conventional level in a range of from 5 x 10" to 3 
x IO1 7 cm- 3 . 

Particularly, in case that trimethylgallium is doped in 
P-type layer, and an I- type layer is intended to be formed ever it 
(in the subsequent process), the generated hydride does not absorb 
boron had been used insted. In forming an I- type layer by plasma 
enhanced CVD, the contamination was able to limited only to the 
boundary layer of 3 0 to 500 A thick, and the impurity concentra- 
tion of the I- type layer was able to reduced to 3 x 10» to 1 x 
1016 cm-3 or less in the area O.lu or farther the interface with 

the P-type layer. 

The present invention is described with reference to the 

drawings . 

Fig. 1 shows a schematic view of a plasma enhanced CVD 
apparatus necessary for realizing the present invention. 

Referring to Fig. 1, a substrate (1) is provided inside 
first to fourth reaction furnaces (25) to (28) in which an insu- 
lating holder, for example, a quartz holder (boat) is placed, in 
such a manner that it may be in parallel with the flow of a reac- 
tive gas flown downward from the upper side to the lower side, and 
that it may also be in parallel with the discharge from electrodes 
(2) and (3) which provide a high frequency energy (4) . 
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A S a ^Rctive gas, gaseous silicil^F (Si x H 2x +2 / x 7 1) is 
supplied from (5), (9), (13), and (17), while supplying a hydrogen 
diluted trimethylgallium (Ga(CH 3 ) 3 ) as the P-type impurity from 
(6), phosphine (PH 3 ), arsine (AsH 3 ) , or trimethylantimony (Sb 
(CH 3 ) 3 ) as the N-type impurity from (18), and hydrogen or helium 
(He) as the carrier gas from (8), (12), (16), and (20). Further- 
more, an additive material for widening the energy band, for 
instance, methane (CH 3 ) , is supplied from (7), and ammonia (NH 3 ) or 
hydrazine (N 2 H 4 ) is supplied from (19). To add impurity at a trace 
quantity, hydrogen diluted Ga(CH 3 ) 3 is supplied from (10) and (14) 
at a pressure of 100 kg/cm to provide a gallium compound diluted 
to a concentration of from 10 to 100 ppm, and similarly, phos- 
phine, arsine, or trimethylantimony diluted with hydrogen or 
silane to a concentration of from 5 to 50 ppm is supplied from 
(11) and (15) . 

The reactive gases above are supplied to the reaction 
chambers (25), (26), (27), and (28) from the gas inlets to the 
reaction chambers, which also function as electrodes for generat- 
ing plasma (51), (52), (53). and (54). When the reactive gas is 
discharged into the reaction chamber, an electromagnetic energy is 
applied thereto, and the gases are plasma discharged, activated, 
and decomposed to produce reaction products on the surface of the 
objects. The reaction chamber is of a plasma -enhanced CVD type, in 
which an electromagnetic energy ranging from D.C. to 20 MHz is 
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specifically, a D.C. electroi^i 



applied, more sjlcif ically, a D.C. electromWnetic energy, or a 
500kHz or a 13.56MHz frequency electromagnetic energy is applied 
by the electrodes (2) and (3). By further heating the substrate 
(1) having the depositing surface with an infrared heating furnace 
(4) in a temperature range of from 100 to 500°C, representatively 
in a range of from 200 to 300°C, a greater number of substrates 

can be treated at once. 

The substrate (1) is first inserted into a first pre- 
chamber (23), and the pre-chamber is evacuated to vacuum by using 
a rotary pump (30). The pressure inside the pre-chamber can be 
recovered to the atmospheric pressure by introducing nitrogen from 
(21). After the pre-chamber is evacuated to vacuum, a gate (55) is 
opened to a third pre-chamber which is heated to a temperature in 
a range of from 200 to 400°C by the infrared lamps provided in the 
vicinity thereof. After transferring the substrate to the third 
pre-chamber above, the gate (55) is closed again, and nitrogen is 
introduced into the first pre-chamber from (21) to recover the 
atmospheric pressure. Thus, another substrate is introduced inside 
the first pre-chamber. By repeating this process cycle, the sub- 
strate in the first pre-chamber is transferred to the second pre- 
chamber. and the substrate in the second pre-chamber is trans- 
ferred to the first pre-chamber. Furthermore, by removing air from 
the substrate in the first pre-chamber by evacuating it to vacuum, 
and then removing adsorbed oxygen and water therefrom in the 
second pre-chamber by vacuum heating in the second pre-chamber, 
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the oxygen corporation in the semicond^or layer could be 
lowered than a conventionally known level in a range of from 1 to 
3 x 1018 cm-3 or lower, i.e., to 1/3 thereof, and representatively, 
to a level in a range of from 1 x 10" to 5 x 10" cm-3; i.e., to a 
level of 1/10 to 1/30 of the conventional oxygen concentration. 

As a matter of course, the vacuum leak from the external 
in each of the reaction chambers is assured to maintain a value of 

10" 8 torr or lower. 

After forming a P-type conductive Si x Ci- x (0 < x < 1) 

having an energy band width of from 1.6 to 2.2 eV and containing 
gallium or indium as an acceptor impurity at a concentration of 
from 1 to 20 x 10" cm-3, representatively, at a concentration of 
from 7 to 8 x 10" cm-3, at a thickness of 200 A or less, 
representatively, at a thickness of from 30 to 150 A, the first 
and the second reaction chambers are each evacuated to vacuum, and 
then, the substrate having the film deposition surface is trans- 
ferred to the second reaction chamber (26). In this mariner, the 
second semiconductor layer is formed free from the influence of 
the semiconductor layer attached to the wall of the first reaction 
chamber. At this time, the substrate placed inside the second 
reaction chamber is transferred to the third reaction chamber 
(27), while the substrate in the third reaction chamber (27) is 
transferred to the fourth reaction chamber (28), that in the 
fourth reaction chamber is transferred to the third pre-chamber 
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the third pre-chamber is^Jh 



(29) , and that the third pre-chamber is^Kken to the outside 
after completely shutting the gate (56) . 

In the second reaction chamber (26), an impurity-free I- 
type second semiconductor layer" (45) containing non-single-crys- 
talline silicon as the principal component, whose vertical cross 
section view is shown in Fig. 2 (A), is deposited to a thickness 
in a range of from 100 to 2,000 A, representatively, at a thick- 
ness of from 200 to 500 A after forming the P-type first semicon- 
ductor layer. Because the I-type layer thus obtained includes a 
50 to 100 A thick impurity layer which is formed by the impurities 
which is used in forming the second semiconductor layer, it must 
be deposited for a thickness of 100 A or more, so that the P-type 
impurities and the N or N- type impurities may not be directly 
mixed at a concentration higher than a value in a range of from 1 
to 5 x 10 16 cm-3. 

The I-type semiconductor layer is particularly important 
for forming a depletion layer, and enhancing drift moving the 
carriers to the electrode. 

Then, in the third reaction chamber (27), an N- condu- 
ctive third semiconductor layer (46) having a donor concentration 
in a range of from 1 x 10" to 3 x lO" cm-3 as shown in Fig. 2 (A) 
is formed at a thickness of from 0.1 to 0.6 \i. Then, in the fourth 
reaction chamber (28), an N-type conductive fourth semiconductor 
layer (47) in which phosphorus or arsenic is doped at an impurity 
concentration of from 1 to 20 x 102° cm-3 is formed at a thickness 
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of from 100 to^fc A. To provide BSF (dep^Ron layer electric 
field in the reversed direction) to the minority carriers, this 
semiconductor layer is constructed with Si 3 N 4 - x (0 < x < 4, repre- 
sentatively, x is in a range of from 3 to 3.8) to yield an Eg 
falling in a range of from 1.8 to 2.5 eV. The Eg of the I -type 
layer (45) and the N- type layer (46) are controlled to be in a 
range of from 1.5 to 1.8 eV by using the aforementioned non- 
monocrystalline silicon. 

After stacking the four semiconductor layers above, an 
organic resin mold (49) such as an epoxy resin or polyimide is 
applied as an overcoating to a thickness of from 100 to 500 A to 
provide an electrode (48) and for improving moisture resistance. 

In Fig. 2 (A), a light-transmitting substrate (40), for 
instance, a glass or polyimide substrate, is used, and Ni is 
provided at a depth of 20 \i. Otherwise, a bulk Ni containing B and 
P, and optionally having thereon Al or Cu is provided as a buried 
electrode (41). A transparent electrically conductive film (43) is 
formed thereon, The transparent electrically conductive film is a 
two-layered film obtained by laminating an ITO (indium oxide 
containing from 3 to 10% tin oxide) layer and a tin oxide layer 
(containing from 2 to 10% of antimony oxide) . 

The transparent electrically conductive film is provided 
depending on the contacting semiconductor. In case that a P-type 
semiconductor is brought into contact with the film as in the case 
of the example above, a transparent electrically conductive film 
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of a pentavalenUKstal, such as antimony oxil^r(Sb 2 0 3 or Sb 2 0 5 ) , is 
formed at a thickness of from 50 to 200 A in contact with the 
semiconductor layer, and ITO is provided as the base layer thereof 
to improve the electric conductivity of the conductive film. This 
is found greatly contributive to the improvement of the conversion 
efficiency, and particularly, in the increase of current. Further- 
more, in case that ITO is brought into contact with the conductive 
film, the current density is found to be greatly increased from a 
range of 5 to 10 mA/cm2 to a range of 13 to 20 mA/cm2. This is 
attributed to the fact that antimony function as the recombination 
centers for the holes in the P-type semiconductor, and that the 
electrical series resistance at the interface is greatly lowered. 

In Fig. 2 (B) is given the thus obtained energy band 
width corresponding to Fig. 2 (A), with the corresponding numbers 
attached thereto. 

The figure clearly reads that the active semiconductor 
layers (41) to (46) efficiently supply the minority carriers, 
i.e., holes in this case, by utilizing the high potential differ- 
ence between the P-type semiconductor layer (44) and the N-type 
semiconductor layer (46). In particular, to provide sufficient 
width to the depletion layer and a high electric field intensity 
in the intrinsic semiconductor layer (45) located in the vicinity 
of the incident light, an N-type semiconductor layer (46) is 
provided, and the carriers generated in (46) by the irradiation of 
light are obtained by drifting the minority carriers to the P-type 
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semiconductor (44) with the assistance BSF effect provid- 

ed by the N-type layer (47) . Considering the energy band, a photo- 
electric conversion device comprising W (a P-type layer having an 
Eg wider than that of silicon carbide) - N (silicon) - W (an re- 
type layer having an Eg wider than that of silicon nitride) is 
obtained. As a result, the efficiency of 5 to 7%/cm2 obtained on a 
conventional type of PIN semiconductor is found to increase to a 
high conversion efficiency of 10 to 12% at AMI by utilizing a PIN- 
N structure. Furthermore, in a 10 x 10-cm2 size large area sub- 
strate, an open voltage of 0.9 to 0.95 V, a short circuit current 
of 16 to 20 mA/cm2, and a practical conversion efficiency of from 
7 to 10% are obtained by the use of an auxiliary electrode (41) . 

The effect of auto-doping is studied by means of IMA 
(ion micro analyzer) for a case using gallium as a P-type impurity 
according to the present invention and for a case using boron. The 
results are shown in Fig. 3. 

Referring to Fig. 3 (A), an I-type semiconductor layer 
(45) in which no impurity is added intentionally is formed on a P- 
type semiconductor layer. 

As is clearly seen from Fig. 3 (B) , in case that a P- 
type semiconductor layer is formed at thickness of 500 A by using 
si lane mixed with diborane as a boron impurity and an I-type 
semiconductor layer is formed thereon in the same reaction fur- 
nace, curve (61) is obtained. That is, even in case that a dis- 
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tance of 2,000 r more is taken from the erface (65), boron 
was found still present at a concentration of about 1 x 10* 7 cm-3. 

In case that an independent reaction product method is 
used by using diborane in the place of trimethylgallium in the 
case illustrated in Fig. 1, curve (62) is obtained in Fig. 3 (B) . 
The doped density is found to be lowered to about 10 16 
cm-3, i.e., to about 1/10 of the* case above. By using trimethyl- 
gallium according to the present invention, the auto-doping effect 
is observed to minimize as in curve (62) even in case that the P- 
type semiconductor layer and the I-type semiconductor layer are 
deposited in the same reaction chamber. Furthermore, by employing 
the independent reaction chamber method as illustrated in Fig. 1, 
curve (63) is obtained as a result. The curve corresponds to a 
case in which the impurity concentration is controlled to a range 
of from 7 to 8 x 1020 cm-3. in case that the concentration is 
lowered to 1 x 10 2 o C m-3 or lower, or in case that Si x C!- x (0 < x < 

1, representatively, x is in a range of from 0.2 to 0.5) is used 
in combination with silicon carbide at a concentration of 8 x IO20 
cm-3, the concentration to a depth of 500A was found to be lowered 
to 1 x 1015 cm-3 or lower, and particularly, to 1 x 10i< cm-3 or 
lower. 

The fact that the concentration is controllable to a low 
value of 1 x 10 " cm-3 or lower signifies that the impurity control 
is possible with high precision in plasma-assisted CVD to a level 
well comparable to that of a process using monocrystalline semi- 
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conductor. Acco^Phgly, the industrial valu f the invention is 
provided not only to a PIN type diode, but also to PINIP, NIPIN 
type bipolar transistors, CCDs, and insulated gate field effect 
semiconductor devices. Furthermore, by adding from 5 to 10 x 10*0 
cm-3 of boron to a P-type semiconductor layer, the optical energy 
band for the non-single-crystalline silicon semiconductor decreas- 
es to a range of from 1.65 to 1.4 eV, a level lower than the level 
of from 1.7 to 1.8 eV for an intrinsic semiconductor. However, an 
energy band in a range of from 1.7 to 1.8 eV is obtained for cases 
using indium or gallium, and hence, no drop in Eg due to the 
addition of impurities was observed. 

In the apparatus illustrated in Fig. 1, a cylinder of 
trimethylgallium diluted with hydrogen was used. However, the 
constitution in Fig. 1 may be additionally controlled by cooling 
the cylinder and thereby controlling the quantity by means of 
evaporation utilizing the vapor pressure. A junction characteris- 
tic substantially free of auto-doping was obtained similarly in 
case of indium. 

In Fig. 3, germanium silicide (SixGe^x, where 0 < x < 1). 

or silicon carbide (Si x Ci- x * where 0 < x < 1) can be used as the P- 
type semiconductor layer in place of a non-single-crystalline 
silicon. Furthermore, as described in the foregoing, 
(SixCx-x, where 0 < x < 1) may be used for the P-type layer and the 
I_type layer may be of silicon or germanium silicide to provide a 
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hetero- junction these cases again, chard^^ristic curves (62) 

and (63) free of auto-doping were obtained. 

Accordingly/ in the present invention, the concentration 
in the I- type layer, and particularly in the active semiconductor 
layers in photoelectric conversion devices can be changed to 
provide IN-, N-, or P- layers. An N- type layer can be obtained by 
adding from 0.01 to 1 ppm of phosphine to silane in third reaction 
chamber described in Example 1. To obtain a P- type layer at a 
higher concentration than 1 x 10* 4 to 1 x 1015 cm- 3 as shown by 
curve (63) in Fig. 3, gallium is added at the necessary quantity 
to silane. 

Thus, a photoelectric conversion device provided with a 
PIN-N junction or a PN-N structure from the side of light incidence 
was obtained by using the reaction furnace illustrated in Fig. 1, 
However, by repeating this process, a laminate comprising serial 
connected junctions of PIN-NPIN-N or PIN-NPI-N from the side of 
light incidence can be obtained. Furthermore, by controlling the 
Eg of the front IN- active layer to a range of from 1.6 to 1.8 eV 
by using a non-monocrystalline silicon while controlling that of 
the backside to a range of from 1.0 to 1.6 eV by using Si x Ge!. x (0 

< x < 1) , a further increased open voltage can be obtained. Con- 
cerning NIP-P, an NIP-PNIP-P junction and an NIP-PNIP junction can 
be obtained as well. 

As described in the foregoing, the present invention 
comprises an IN- or an IP-junction, or a P-N- junction inclusive of 
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N-P--P-, P-N--N-, --N-, and IP--P-, as the ^^:ive semiconductor 
layer- Comparing with the conventional devices, the active semi- 
conductor layer according to the present invention is not only 
lowered in impurity concentration than in the simple P- or N-type 
conductive layers but also is controlled in concentration of the 
current interfering elements such as oxygen, carbon, and nitrogen 
to such a value of 3 x 10 17 cm* 3 or less by IMA measurment . More- 
over, the incorporation of trivalent gallium or indium, or 
pentavalent antimony into the I-type layer on the light irradiated 
side is minimized, while additionally rendering the layer P- or N- 
conductive to increase the lifetime of the minority carriers. 
Furthermore, the I-type, P--type, and the N-type layers are each 
deposited in separate chambers. Thus by integrating all the afore- 
mentioned aspects of the present invention, a large-area photo- 
electric conversion device having a conversion efficiency higher 
than 10% is implemented for the first time. 

In the present invention, a P-type semiconductor layer 
containing doped gallium or indium is deposited on the substrate, 
However, an N-type semiconductor considerably decreased in auto- 
doping can be similarly obtained by using trimethyl antimony (melt- 
ing point: -62°C, boiling point: 

80.6°C; (CH 3 ) 3 Sb) or triethylantimony (melting point: -98°C, boil- 
ing point: 159°C (730 mmHg) ; (C 2 H 5 ) 3 Sb). In such a case, Sb is 
added to the deposition surface at a concentration of from 1 to 20 
x lOio cm- 3 , and an N-type and an I-type conductive layers are 
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formed sequenti^^. in this manner, similar the case of galli- 
um, auto-doping to the I-type layer was found to be minimized. 
Thus, an N-type antimony-doped semiconductor layer can be formed 
on a metallic substrate or a light-transmitting substrate having 
thereon a transparent electrically conductive film such as ITO, 
and an I-, P-, or N-type semiconductor layer with auto-doping 
lowered to a level of from 1 x 10" to 1 x 10" cm-3 can be formed 
further thereon. Accordingly, even in an NIP-P structure, a conver- 
sion efficiency of from 9 to 11% was achieved. 
4. Brief Description of the Drawings 

Fig. 1 shows a scheme of an apparatus for fabricating a 
semiconductor device. 

Fig. 2 (A) shows a cross sectional view of the photo- 
electric conversion device according to the present invention, and 
Fig. 2 (B) shows the energy band corresponding to the structure 
shown in Fig. 2 (A) . 

Fig. 3 shows the impurity concentration profile in a PI 
junction obtained according to the present invention. 
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